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The incidence of skin cancer in exposed parts
of the body and particularly in fair-skinned
persons residing in regions of the world where
solar energy is the highest has indicated that
squamous cell tumors of human skin are related
to exposure to sunlight (1, 2). In animals, only
the squamous cell carcinomas about the eyes of
the cow have been related to ultraviolet (3).
Squamous cell tumors are not frequent in the
animal kingdom, but they have been found in
dogs, horses, cows and mice, and in certain
kinds of fowl and fish (4).
In mice, cutaneous carcinoma is not so rare,
since it follows mammary carcinoma as the
second most frequent spontaneous tumor (5).
Slye and co-workers (4) found 70 spontaneous
squamous cell tumors of the skin and mouth at
necropsy in 28,000 mice dying natural deaths.
All but 16 were on the head and neck. They
noted the benign histologic features with few
mitotie figures and the striking absence of lym-
phatic metastasis. Death usually resulted from
infection. Tumors have been produced in mice
with ultraviolet irradiation by many investi-
gators. This has involved intense ultraviolet
exposure so that burning of the skin was a com-
mon prelude to carcinogenesis and most of the
animals were blinded long before production of
cancer (6—8). The only sites in which tumors
were produced were the eyes, ears and dorsum
of the feet. Sarcomas were produced as often as
squamous cell tumors (9). The quantity of radi-
ation seems more important than the intensity
(10). Several attempts with hairless rats were
not fruitful (11—14). In these studies the rhino
recessive hairless rats were used. A thick, cheesy,
keratin layer develops over the epidermis which
protects the animals from ultraviolet.
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We began our work with hairless mice several
years ago and recognized that while spontaneous
papillomas had been observed rarely (15), skill
cancers have been produced by tar (16) and
methyleholanthrene (17) in these animals.
Because of the thin, keratin layer of their skin,
it seemed possible to produce dermal con-
nective tissue changes by exposure to ultraviolet.
Instead, multiple tumors developed and this
communication will relate the details of their
production.
METllOns
Hairless mice were exposed daily to ultraviolet
irradiation for 7 months. An 85-watt ultraviolet
source (the H85-C3 General Electric bulb) which
has a special glass bulb transparent to ultraviolet
radiation was used. Its output in watts radiated as
compared with that of the standard General Elec-
tric HS-type home sun bulb may be seen in figure
1. This lamp was placed 30 inches from the mice
which were radiated daily for 35 minutes. Five
minutes of this time was allowed for the lamp to
reach a maximal output. The day-to-day dose was
standardized by means of a photoelectric cell at-
tached to a galvanometer.
After tumors were produced, some of them were
excised for histologic examination; the remainder
were allowed to develop until the death of the ani-
mal or until the entire cutaneous surface was in-
volved. At this time a complete postmortem exam-
ination of the animal was performed and samples
of the viscera and regional nodes were examined.
Sections were made of all tumor-bearing areas of
skin. Hcmatoxylin and cosin stain was used.
Transplantation of neoplastic material was at-
tempted in seven instances. Tissue was ground in a
mortar with a small amount of saline solution and
injected intrapcritoncally by means of a trocar
into C-57 mice. After 6 weeks these mice were
sacrificed and tissue from each abdominal cavity
was examined.
The hairless mice used in this study were ob-
tained by breeding hairless males* with C-57 fe-
male mice. The Fl generation female was again
bred with the hairless male and the F2 generation
produced 25 to 30 per cent hairless offspring.
* Hairless male mice were obtained from Dr.
Herman Chase and William Montagna of Brown
University and were of HH/CH strain.
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FIG. 1. Comparison of ultraviolet radiation from G.E. bulb H85-C3 and G.E. ES sun lamp bulb.
RESULTS
Tumors developed in all four mice that were
used. They developed diffusely over the dorsal
surface of the animals including the head, neck
and back (fig. 2a). In all instances multiple
sites of origin were noted and multiple tumors
were produced (fig. 2b). Within 4 to S weeks many
of the tumors grew into nodular masses 1 to 2
em. in diameter with central ulceration (fig.
2c). Cutaneous papillomatous lesions were
seen, and in some instances these broke down
quickly to form crusted hemorrhagic surfaces
(fig. 2d). A number of typical cutaneous horns
were produced (fig. 2e). In no instance was an
ear, eye, or dorsum of the paw involved, and in
no instance were tumors produced on surfaces
which had not been irradiated by the ultraviolet
rays.
Histologically the malignancy of the squamous
cell carcinomas varied from grade 1 to grade 4.
The malignancy of the smaller lesions tended
to be of lower grade, although this was not
always true. Some showed advanced keratiniza-
tion (fig. 3) but none showed development similar
to keratoaeanthomas. Typical cutaneous horns
contained appreciable anaplastie changes at the
base of the lesions (fig. 4a and b). Many areas of
apparently normal skin showed considerable
epidermal change with anaplasia of squamous
cells occurring diffusely in nests and proliferating
from multiple points of the epidermis. The
squamous cell carcinomas, grade 4, were ex-
tremely anaplastie with many mitotie figures,
bizarre nuclear ehromatin patterns and prominent
nucleoli (fig. 5a and b). No evidence of sar-
eomatous lesions was found, and no evidence of
change in dermal connective tissue was ob-
served.
Neeropsy revealed foci of infection in the liver,
spleen and lymph nodes. Large lymph nodes
were found in the inguinal and axillary regions
and in the perirenal and aortie regions, but in
no instance was a metastatie lesion observed.
Two animals died spontaneously because of
secondary infection occurring in the necrotic
masses.
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Fin. 2. a. Multiple squamous cell tumors formed over the dorsal surface of the neck and on the back of
hairless mouse irradiated with ultraviolet rays. Note apparently normal skin from which tumors arise.
b. Multiple glistening translucent carcinomas arising on back of hairless mouse. Note the signs of early
degeneration of the neoplastic masses. c. Large squamous cell tumors with central necrosis on back ofhairless mouse. d. Hemorrhagic crusted change in tumors on back of hairless mouse. c. The variability
and multiplicity of skin tumors are shown. Keratotic masses are prominent.
Fm. 3. Grade-2 squamous cell carcinoma produced by ultraviolet light (hematoxylin and eosin; X 85).
Transplantation of tumors was unsuccessful COMMENT
in all instances. We were able to recover only The squamous cell tumors we have described
necrotic tissue from within the peritoneal cavity are different from any other tumors of mice.
in each instance. No sign of growth was visible. These differences are presented in table I. The
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Fm. 4. a. Cutaneous horn from mouse in figure 3e (hematoxylin and eosin; X 7). b. Anaplasia at base
of cutaneous horn in a (hematoxylin and eosin; x 760).
tumors are much more anaplastic and occur in
greater numbers at an earlier age than do spon-
taneous tumors. They occur in different locations
than other tumors. No surface change exists
previously, which is in direct contrast to ul-
traviolet-induced tumors in haired mice. Ul-
traviolet induces as many sarcomas as it does
squamous cell tumors in haired mice. The
tumors produced by methylcholanthrene in
hairless mice by Montagna and associates (17)
were usually sebaceous adenomas.
It appears important to emphasize that ultra-
violet light can produce epithelial tumors without
prior clinical change in the skin. Chronic irrita-
tion or burn is not a necessary part of the pre-
cancerous phase. Similarly, no significant changes
in the dermis were recorded. It has been stated
that development of carcinoma of the skin in
lightly exposed areas is dependent on, or second-
ary to, such phenomena as formation of collacin
and senile elastosis (18). It now appears that in
mice, at least, such dermal degeneration is
not a requisite for formation of epithelial tumors.
An excellent experimental opportunity is
,rç. .
'\''
cmtt
•A'; ?I,
.,
lv-
\t*1
w
p
Al
'I 4
Ep
SQUAMOUS CELL TUMORS WITH ULTRAVIOLET LIGHT 135
Fia. 5. a. Anaplastic tumor from mouse in figure 3a (hematoxylin and eosin; X 5). b. Cytologic detail
of neoplastic cells in squamous cell carcinoma, grade 4, seen in a (hematoxylin and eosin; X 800).
afforded by the present phenomena. A tumor
has been produced experimentally in animals in
a way entirely analogous to production of similar
tumors in human beings. All other experimentally
produced squamous cell tumors have come from
some overt toxic or damaging effect on the
cutaneous surface. Further chemical and his-
tologic data on the precancerous state might be
obtained. If a precancerous substance forms in
the epitbelium of the hairless mouse treated
with ultraviolet light, it should be possible to
study it. Also an opportunity is presented to
test preventive and protective measures. The
use of 8-methoxypsoralen to thicken and protect
the skin is such a measure. Conflicting data
exist regarding protection of haired mice (19,
20). The use of 8-methoxypsoralen with longer
wave lengths increases the incidence of car-
cinogenesis. Experiments to test the protective
effects of this substance under these circumstances
are under way. Similarly, other acanthogenic
agents such as crude petrolatum might be tried
for their protective qualities.
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TABLE I
Comparison of tumors in mice
Type ci Mouse
Haired Haired Hairless
Stimulus
Location
Number of lesions
Type of tumor
Pathologic factors
Metastasis
Spontaneous
Head; neck
Single
Squamous cell
Rare mitosis; differ-
entiated
Striking absence
Ultraviolet plus eryth-
ema
Ears
Single
Sarcomasplussquamous
Mitosis; anaplasia
Rare
Ultraviolet
Dorsum of head; back
Multiple
Squamous cell
Many mitotic figures;
anaplasia
None to date of study
SUMMARY
Squamous cell tumors have been induced in
hairless mice by means of ultraviolet irradiation.
It was not necessary to burn or damage the
skin to produce this change. These tumors have
been compared with other cutaneous tumors of
mice and their modes of production.
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DISCUSSION
DR. ALFRED W. KOPF (New York, N. Y.): planation for the difference in the site of tumor
I wonder if Dr. Winkelmann has found an cx- formation in these hairless mice compared to
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mice with hair in which ultraviolet induced
tumors are often primarily sareomatous meso-
dermal tumors rather than tumors of the epi-
dermal structures.
DE. S. WILLIAM BECKER, Sn. (Long Beach,
Calif.): I greatly enjoyed this remarkable presen-
tation. In about 1940, 1 obtained a strain of
hairless mice that had melanoeytes in the epi-
dermis. Ginsberg and I injected benzpyramine
into the skin of these mice and obtained both
sarcomas and carcinomas, but no mclanomas.
We also injected the virus of Rous sarcoma
into silkies, fowl whose bodies are filled with
mclanocytcs, although the epidermis and feathers
arc white. Sarcomas were produced, but no
mclanomas.
DR. FRANZ IIEERMANN (New York, N. Y.):
The resemblance of these highly interesting radi-
ation tumors with keratoacanthoma, which was
cmphasiZed in the presentation, brings to my
mind not only the recent report of R. II. Rigdon
on "Kcratoacanthoma induced with methyl-
cholanthrcne in the chicken" (A.M.A. Arch. of
Dermat. 79: 139, 1959), but also the fact that
many of the chemically induced epidermal
epithcliomas observed in our laboratory at the
N. Y. Skin and Cancer Unit in albino mice
grossly show the features of kcratoacanthoma.
Dr. Winkelmann pointed out that he regards
the epitheliomas here presented as different
from keratoacanthoma, because they become
invasive. As to the tabulated demonstration of
the different features of the epitheliomas observed
by the presenters in hairless mice and those
produced in hairy mice I should like to ask
whether or not the age of the tumors in the
different categories listed might play a role.
With certain exceptions our chemically induced
cpithcliomas, when biopsicd early showed the
characteristics of benign vcrrucous papillomas
or scbaccous adcnomas, whereas the older
tumors often exhibited the characteristics of
squamous cell carcinomas with malignant prop-
erties, such as atypical proliferation, invasive
growth, etc.
DR. DAPHNE ANDERSON ROE (Wilmington,
Dcl.): I want to congratulate Dr. Winkclmann
for his fine study and ask one question. Were
porphyrin stndics performed in his animals?
Dn. ALLAN L. LORINCZ (Chicago, Ill.): It
was rather conspicuous that the ears failed to
develop tumors in these experiments which is in
contrast to the situation in albino mice where the
ears are the first to develop tumors, although
admittedly after much larger total doses of ul-
traviolet irradiation. I wonder what is the
explanation for this peculiar disparity. Is there
some special resistance of the ears to ultraviolet-
induced cancer in these hairless mice or do they
simply have essentially normal skin on their
cars and unusually ultraviolet-cancer susceptible
skin elsewhere?
DR. ERWIN P. ZEISLEE (Winnetka, Ill.):
Dr. Charles iluggins in his studies on various
androgens and estrogens tried to induce breast
tumors in mice with some of these steroid chemi-
cals but he found he was unable to do so in the
animals in which they were used. After a little
time he solved this very simply by substituting
white mice for black mice in his experimental
work. Apparently the presence of pigment in
the melanocytes inhibited the effect of the
estrogens.
Another point that I think should be brought
up is the question of the ultraviolet absorption
range of squamous cell tumors in hairless mice
as compared with those of hairy animals. A
specific wave length in the ultraviolet of 2965
Angstrom units has a high carcinogenicity. The
absorption spectra of all the carcinogenic chemi-
cals contain bands that extend into the car-
cinogenic range of the ultraviolet as physicists
have found out.
DR. R. K. WINKELMANN (in closing): If I
may talk about the mice, perhaps I can answer
some of these questions. At the present time
these arc F2 generation mice. We are selecting
females that are capable of suckling at present,
and I hope to have a colony of Fl homoZygous
hairless mice available for all of us shortly.
This would make this mouse really available.
They are hardy and easily maintained. One of
the reasons, for instance, we have not done
porphyrins is under the circumstances there have
not been enough mice available.
To answer Dr. Kopf and Dr. Lorincz, I believe
it is not the intensity, but the total quantity of
ultraviolet which produces cancer. This was a
result of Blum's experience with haired mice,
and I believe that such a great quantity of ultra-
violet must have been used on these haired mice
in order to induce tumors that the ears, being
thin skinned, were more susceptible. It is exactly
comparable to the periorbital squamous cell can-
cer that occurs in the cow. This is the only
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example that is really comparable that I know of
in natural life.
I believe it is the quantity of ultraviolet and
the resulting great erythema necessary to pro-
duce these tumors in haired mice that causes the
differences that were noted between these tumors
and ours. Dr. Knox is going to be discussing
haired mice with ultraviolet induced tumors
shortly, and I know that he can answer this
better than I can.
To answer Dr. Becker, we have a strain of
hairless mice that has pigmented ears, pigmented
tails and pigmented eyes, but this is dcrmal
mclanocytosis, not cpidcrmal melanocytosis. I
wish his strain of mice were still alive. They came
from Bar Harbor, and they are no longer avail-
able.
To answer Dr. Herrmann, the question of malig-
nancy of these tumors is a very real one to mc.
The malignancy is established only by metas-
tasis and while these are very anaplastic looking
tumors, they have not metastasized. The mouse
becomes a mass of tumors. Perhaps we have not
kept them alive long enough. I think in time they
would metastasize.
The time relationship of development of tumors
is about the same between haired and hairless
mice. Ours took 7 months to develop, and the
haired mice also can produce tumors within that
period of time, but the quantity of radiation is a
good deal different. Remember ours was essen-
tially sub-erythemal dose of ultraviolet for these
mice. The first week there was only a delicate
flush.
